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Syn... what? What this book 
aims to do: 


"Synthetic biology" is a relatively new term that may seem 
intimidating at first glance. But give it a chance and trust 
me, it's worth it! Are you still with me? Great, let's start with 
the most important point, namely that we can describe 
the development of humanity and the environment in six 


waves: 

1. We hunt. Environment okay. 

2. We breed cattle. Environment okay. 

3. We produce goods. Environment still okay 

4. We develop plastics. Environment no longer okay 
5. We develop computers. Environment not okay at all 
6. We decode genetics. Environment at a turning point 


For the seventh wave, there are exactly two possibilities: 
First option: 

7a) We reduce CO2 emissions. Environment gets destroyed. 
Second option: 


7b) We cultivate bacteria. Environment okay again. 


Ican almost hear the outcry: the environment gets destroy- 
ed if we reduce COz emissions? Instead we should cultivate 
bacteria and develop genetically modified products? Seri- 
ously?! Are you kidding me?! 

Let me briefly explain: when we talk about "trying to re- 
duce CO2 emissions" and "environment getting destroyed," 
of course it doesn't mean that reducing COz emissions is bad. 
On the contrary, it’s the need of the hour. But if we conti- 
nue with our basic ways of production, living, and feeding 
ourselves, it will be very difficult to preserve even parts of 
the environment. We develop electric cars, we recycle plastic 
bottles (although only 10% and a maximum of three times, 
leaving even more waste behind), we try everything possible, 
but - and if you're honest with yourself, you've had this fee- 
ling for a long time - it simply won't work out. Additionally, 
throughout history abstaining has never worked. Humans 
are selfish to some extent, and what argument can be used to 
deny all people on this planet the right to comfortable living, 
healthy food, or a refrigerator? Five billion people will surely 
say “we understand that you Americans and Europeans drive 
cars, live in fancy houses, and grab a beer from the fridge 
after the sauna. We would like that too, but yeah, we get it, 
we can't do it anymore because of the climate, so we'll just do 
without it!” Moreover, our population will continue to grow, 
reaching ten billion by 2070, and then it will likely start to 
decline again. So let's finally face the facts and say goodbye 
to this ostrich policy that is currently so popular. 


In a nutshell: with all our conventional efforts to 
reduce CO2 emissions, we will not succeed in stop- 
ping climate change, halting the destruction of all - 
yes, all — ecosystems, preventing future pandemics, 
and avoiding devastating wars and refugee flows, 

ultimately leading to the extinction 
of our own species. 


This should finally become clear to us. We will crash ever- 
ything full throttle if we continue like this, regardless of ex- 
panding electric cars or reducing air travel. Why? Quite sim- 
ply, all of our previous efforts only address the symptoms 
rather than the root cause of the whole dilemma. 

So, is everything lost? Should those who are well off 
continue to party before everything goes down the drain, 
while it’s tough luck for everyone else? 

Not necessarily. 

Is there still a possibility to make this future — which 
looks anything but fun — slightly more beautiful, especial- 
ly for our children? 

Yes, there is. 

There is hope as currently various technological de- 
velopments are occurring and converging at the same 
time. The computing power of computers — driven by ar- 
tificial intelligence - is growing faster than ever before, 
which is partly daunting but also very beneficial as it al- 
lows us to understand how everything on Earth is inter- 


connected and structured at an increasingly rapid pace. 


Moreover, the costs and ease of understanding and alte- 
ring biology — which focuses on breaking down, analyzing 
and reassembling the components of simple organisms 
like bacteria — have been dramatically reduced. As a result, 
we can now completely revolutionize the way in which we 


manufacture goods in the near future. 


If we imagine the simplest form of an organism as a 
micro-factory that produces a certain product, then 
we can now modify this factory to produce ‘any’ 
product that we desire. This approach - where we 
dismantle and reassemble the components of the 
factory - is called "synthetic biology" 
or simply "synbio". 


Now, let's briefly discuss the cause of the dilemma in which 
we find ourselves: we have a problem with CO: in the atmo- 
sphere because we have burned so much oil and other fossil 
fuels. This is causing the Earth to become warmer, and there 
is increasingly less space for life. However, we are also gro- 
wing in population, which means that we need more rather 
than less living space and — of course — more food. 

Is it possible to address the root cause of the problem? 
Yes, it is. With the help of synthetic biology, we can repla- 
ce industrial "dirty" factories and reactors with biological 
"clean" factories and reactors. The crucial point is that with 
newly assembled organisms, we no longer need combustion 


of fossil fuels. In other words, after 200 years of burning 


everything we could get our hands on, we will now be able 
to manufacture and produce goods at room temperature. 

What about the CO: already in the atmosphere? The 
plastic in the world's oceans? The melting polar caps? We 
can also tackle those challenges. We are developing other 
bacteria and enzymes that can remove waste and resto- 
re ecosystems. The industrial era of biology has arrived 
after the eras of fossil fuels and personal computers and 
digitalization. 


At least if we want it to. It's up to us. 


We can completely revolutionize the way in which 
we produce, eat, and live without having to sacrifice 
anything. Indeed, we can all do it, not just a select 
few. We can preserve our forests, seas, polar caps, 
animals, and plants and live in harmony with nature 
once again. We still have a chance to turn things 
around, but we must want it. 


This book aims to show you how far synthetic biology has 
already advanced in some areas and will likely continue 
to progress in the near future. At the end of the book, se- 
veral industries that are expected to experience the fastest 
and most drastic changes in their production processes are 
mentioned. If you already trust the right companies in these 
areas, you can simply sit back, wait and watch the value of 
such companies grow exponentially over time. In addition 


to interviews with leading experts in their field, each chapter 


concludes with a short personal anecdote. If you find these 
glimpses uninteresting, feel free to skip them. 
Iwish you an enjoyable reading experience! 


Tara Shirvani 


The most widely used 
material in the world 


»We Built This City« 
Starship 


No material is produced more frequently by humans than 
concrete. The reason is simple: there are few materials as ver- 
satile, durable, and cost-effective as this mixture of cement, 
water, and sand. The high thermal mass and low air infiltrati- 
on of concrete help to reduce the energy demand for heating 
and cooling buildings. However, there is an unpleasant side 
effect, as the production of concrete leads to enormous CO2 
emissions. But if we take a look at nature, we find that it also 
builds with concrete, using a method that doesn't pollute the 
environment. So why can't we be inspired by the natural eco- 
systems of the Earth? If nature can produce cement without 
COz, why can't we? 

At present, we produce 4.4 billion tons of concrete each 
year, and it is expected that this number will exceed 5.5 
billion tons by 2050 due to rapid urbanization in poorer 
countries. This accounts for 8%*consistency of global COz 
emissions. It's gigantic! This amount — equivalent to 2.8 
billion tons of CO2 - is so significant that if the industry 
were a country, it would be the third-largest emitter of CO2 
in the world after China and the US. Furthermore, this in- 


dustry consumes enormous amounts of water and produces 
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a muddy, highly polluting industrial waste product during 
the manufacturing process without significant additional 
benefits. 


The cement of shells 


If we compare the CO2 emissions of the traditional method of 
cement production to a disease, we should focus on treating 
the cause of the disease rather than simply the symptoms. 
This* means that instead of trying to improve the traditio- 
nal method of cement production painstakingly and at high 
costs, we should attempt to produce cement differently and 
without high CO: emissions. 

Before you turn away shaking your head, let me tell you 
that in the US, there is already a company that produces 
green, sustainable bio-cement without COz emissions using 
bacteria at room temperatures. The company relies on bac- 
teria that have been producing cement since ancient times. 
Just think of shells: the protective outer layer is made of 
calcium carbonate, the hard substance found in limestone. 
Hard corals, our teeth and bones and limestone caves are all 
essentially made of the same material. Through synthetic 
biology, we are now capable of biologically producing cal- 
cium carbonate and bio-cement stones. The process is qui- 
te simple: in nature, there are microorganisms like bacteria 
and algae that form from organic waste. However, in nature, 
the conditions for this process are only right every few cen- 


turies. This means that the process of crystal formation by 


bacteria is very slow. The appropriate conditions can take 
hundreds or thousands of years to occur. Thanks to signifi- 
cant advancements in synthetic biology, we can now prompt 
these bacteria to produce cement within two to three days. 
A process that would take thousands of years in nature now 


only takes a few days. 


IZAN G- 


Bacteria Sand Nutrients Concrete 


From 2,700 degrees to 27 degrees 


Even better, the entire process takes place at room tempera- 
ture without the need to burn large amounts of fossil fuels. 
The hungry bacteria not only bypass the high heat demand 
of conventional cement kilns but also absorb CO2 from the 
atmosphere to produce calcium carbonate. Since no kiln is 
required, bio-cement consumes much less energy and emits 
much less CO: into the atmosphere. 


The kiln — where temperatures reach 2,700°C - is 
completely replaced by a bioreactor operating at 
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room temperature, at around 27°C. This method 
mimics the use of carbon as a building block in 
nature and produces cement in a biological circu- 
lar system. The bioreactor also costs significantly 
less than conventional kilns and reduces investment 
costs by requiring less mechanical equipment. 


As they do not pollute the environment, the facilities can be 
located closer to cities, where the material is needed, saving 
transportation emissions and costs. This leads to enormous 
cost savings in an industry where profit margins are usually 
razor-thin. So, for the first time, we can build carbon in the 
same way nature does and combine biology with technology 
to usher in a new era of construction. 

Bio-cement not only emits 95% less COz than conventio- 
nal cement but is also three times stronger and 20% lighter. 
These are significant improvements to the structural com- 
position of bio-cement. It surpasses the physical proper- 
ties of standard building materials in terms of compressive 
strength, absorption, frost-thaw resistance, adhesion, di- 
mensional tolerance, and, at the same time, has a practically 
negligible COz footprint. 

These bio-bricks are not just theoretical concepts but alrea- 
dy a reality and are used for interior and exterior facades, inte- 
rior walls and furniture, as well as flooring in commercial and 
residential buildings. The triumph of bio-concrete has already 
begun. The process can leverage existing concrete production 


plants, making it relatively cost-effective to scale. Retail gi- 
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ants like H&M are already using bio-concrete worldwide as 


part of their worldwide flooring of their retail spaces. 
A self-building brick 


You may have a digital house or a smart house, but is your 
house intelligent enough to repair itself? Thanks to new 
living building materials, the house of the future could be 
much smarter than you think. Living building materials re- 
fer to any construction materials that mimic the functions 
and abilities of a living organism. These living building ma- 
terials can have the ability to self-reproduce, similar to bac- 
teria, or they can be capable of self-healing, similar to the 
cells in your body healing after a minor injury, such as a cut 
or a scrape. Currently, researchers are seeking building ma- 
terials with biological properties that combine the benefits, 
strength, and stability of concrete with the healing proper- 
ties of plants and the ability for structures to self-replicate, 
similar to certain coral colonies. 

One of the recent and well-known examples of living buil- 
ding materials comes from the research department at the 
University of Colorado Boulder, which has developed a way 
to engineer building materials with bacteria that not only 
self-replicate but are also more environmentally friendly 
than other available materials. Such materials can help re- 
duce the carbon footprint of buildings as they are capable 
of absorbing and utilizing carbon dioxide from the environ- 


ment to strengthen their structure. 
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Synthetic biology at 
home with you 


Finally, I wanted to show you which products synthetic 
biology has already produced that you can now buy in re- 
gular stores and online. It's important to note that the list 
provided above is by no means exhaustive. It's intended 
to offer just a snapshot of how extensively synthetic bio- 
logy has already integrated into our everyday lives, often 
without us realizing it. The applications and products de- 
rived from synthetic biology continue to expand across 
various sectors, reshaping industries and contributing to 
a more sustainable and innovative future. As we navigate 
this evolving landscape, our understanding of synthetic 
biology's influence on our daily experiences will continue 


to deepen. 


Synthetic Biology Products Used in Fashion and Textiles 


Product Collaboration Brands Synbio-Ingredient 


Leather Bags 


made from Stella McCartney Bolt-Threads Mycelium 
Mushrooms 
Mushrooms 
Ties, Hats, 
Clothes Stella McCartney Bolt-Threads Spidersilk protein 
Jackets The North Face Spiber Spidersilk protein 
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Synthetic Biology Products Used in Fashion and Textiles 


Ganni, H&M, 


Converting Waste 


Synthetic Biology Products Used in Food and Ingredients 


Product 


Brand 


Plant-based Burger 


Impossible Burger 


Ice cream, cheese, egg substitutes, protein products 
without animal ingredients 


Perfect Day 


Egg protein without animal-based ingredients 


Plant-based protection for longer-lasting fruit 
produce 


The Every Company 


Apeel Sciences 


Fungi-based food ingredients 


Myco Technology 


Protein made out of thin air 


Solar Foods 


Lab-grown seafood 


Lab-grown shellfish 


Avant Meats 


Shiok Meats 


Lab-grown chicken, beef and fish products 


Lab-grown chicken, beef and pork products 


HERO Protein 


Omnifoods 


Carbon-Negative Nuul 
Textile -Products Patagonia E CO: into Textiles 
Leather Bags Hermes MycoWorks Mycelium 
9 y Mushrooms 
. Imperial Col- : 
Lab-Grown Fur LMVH, Fendi Lab-grown Keratin 
lege London 
Adidas 'Future- 
craft! Biofabrica- Adidas AMSilk Spidersilk Polymers 
ted Schuhe 
Textiles, Shoes, A Pineapple Waste 
Clothes Puma, Hugo Boss Pinatex Produtis 
; ; Mycelium 
Leather Coats Balenciaga Squim a 
Bags, Shoes, BMW, Givenchy, Bio-Materials made 
i Karl Lagerfeld, Desserto . 
Furniture from Cacti 
Everlane 
pie Lenker Mercedes - Lab-Grown Leather 
Seats 
Textiles, Clothes H&M Algalife Algae-Based Textiles 
sustainable Dyes Ginkgo Bioworks Huue Bacteria, Yeast 
for Jeans 
Clothing Cristian Dior, Colorifix Bacteria, Yeast 
Balenciaga 
Carbon-Negati- Lululemaiy Zar LönzaTäch Waste CO2 emissions 


ve Clothing 


turned into Clothing 


Sustainable plant-based seafood 


New Wave Foods 


Cheese without animals made from milk proteins with 
yeast and bacteria 


Real Vegan Cheese 


Food additives 


Seed-alternatives Benson Hill 
Gene-edited fruit and vegetables Pairwise 
MilisBio 


Golden rice enhanced with vitamin A 


178 


Only present in the 


Philippines 
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Synthetic Biology Products Used in Consumer Goods 


Product 


Brand 


Synthetic Biology Products Used in Industrial Goods 


Palm oil substitutes 


Palm oil substitutes 


Animal and GMO-free beauty products enhanced 


Genomatica 


C16 Biosciences 


Bio-based cement made from bacteria 


Biomason 


Sustainable chemicals made from bacteria 


Zymochem 


Synthetic Biology Products Used in Healthcare & Pharma 


Produkc 


Brand 


with lab-based collagen Bellen 
Animal and GMO-free beauty products enhanced . 
; Amyris 
with lab-based collagen 
Aviation fuels, textiles, chemicals, bio-plastics, 
f - LanzaTech 
dishwashing products 
Dishwashing product made from bacteria Novozymes 


Synthetic Biology Products Used in Industrial Goods 


mRNA vaccines, COVID-19 vaccines 


Moderna 


New class of biotherapeutics for microbiome 
precision-editing 


Eligo Bioscience 


Cancer treatment and therapeutics 


Sanofi 


Novel vaccine and viral therapeutics 


Codagenix Inc. 


Lab-grown high-quality and purity cannabinoids 


Cronos-Gruppe und 
Ginkgo Bioworks 


Product Brand 
Aviation fuels, chemicals made from waste CO2 
a LanzaTech 
emissions 
High-performance oils and specialty chemicals from ; 
Nowvi 
renewable sources 
Enzyme solution to improve poultry and swine a 
y A Agrivida 
nutrition 
Bioluminescence-based light alternatives Glowee 
Plastic-eating bacteria Carbios 
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Bäume, die zehn Mal mehr CO: binden als alle bisher be- 
kannten oder Bakterien, die das im Meer treibende Plas- 
tik einfach auffressen: Die Synthetische Biologie bietet 
erstmals eine realistische Chance, die dringensten Prob- 
leme der Menschheit zu lösen. Wir müssen es nur wollen. 


Spannend und leicht verständlich porträtiert Tara Shir- 
vani diese neue wissenschaftliche Disziplin, die unser 
aller Leben gerade grundlegend verändert. Mit an- 
schaulichen Beispielen zeigt sie, welchen Nutzen wir 
alle jetzt schon jetzt daraus ziehen können. 


»Zuerst gab es die Industrielle Revolution, dann die Computer - 
und jetzt die Synthetische Biologie. Dieses Buch ist ein Muss für 
jeden, der an der Zukunft interessiert ist.« 


Prof. George Church, Harvard University 
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